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Introduction 64
As of August 2019, there have been 1568 confirmed human cases and 616 deaths caused by infection 65 with avian H7N9 influenza A viruses in China, with a 39% mortality rate [1] . In April 2019 a fatal 66 case of highly pathogenic avian influenza (HPAI) H7N9 was reported in Inner Mongolia, China, 67 which was associated with severe pneumonia and respiratory failure [2] . Acute respiratory distress 68 syndrome, as observed in the recent human case of HPAI H7N9 infection, may be caused by multiple 69 factors, including higher viral load [3] , altered viral tropism and spread in the lower/upper respiratory 70 tract [4] , virally-induced host shutoff [5] or hijacking host function [6] [7] [8] [9] . Mass spectrometry-based 71 serum proteome profiling has made it possible to conduct extracellular fluid proteins analysis and to 72 4 investigate important mediators of intercellular communication and host-viral interactions associated 73 with disease progression, coagulation, communication, inflammation and the immune response. 74
Several studies have been published using mass spectrometry-based proteomics with in-vitro assays 75
( Supplementary Table 1 ) [10] [11] [12] . Simon et al. (2015) performed a comparative proteomic study in 76 A549 human cells infected with seasonal H1N1 (sH1N1), pdmH1N1, H7N9 and HPAI H5N1 strains. 77
Using multiplex iTRAQ labelled quantification, they found that NRF2 was associated with infection 78 with HPAI strains of influenza [10] . Ding et al.(2016) carried out similar research work in A549 79 infected with pdmH1N1 and H7N9 by labelling digested proteins with Cy-dye followed by 80 identification using MALDI-TOF-MS/MS, and found that down-regulation of CAPZA1, OAT, 81 PCBP1, EIF5A were related to the death of cells infected with H7N9, and down-regulation of 82 PAFAH1B2 was related to the later clinical symptoms in patients infected with H7N9 [11] . 83 Sadewasser et al.(2017) performed SILAC labelled proteomic assays on human HEK 293T and A549, 84 characterized sets of cellular factors alternatively regulated in cells infected with H3 or H7 AIVs, and 85 suggested that VPRBP(DCAF1) was identified as a novel drug target [12] . There has also been a 86 study conducted in humans by Wang et al. (2018) , who revealed the differential plasma proteome 87 profiles in two cases of H7N9 infection in a single family [13] . Apolipoproteins appeared to play a 88 critical role in the progression of H7N9 infection and disease. To our knowledge few population-89 based extracellular fluid proteomic studies on host-viral interactions underlying subtype H7N9 90 influenza virus infection haves been published. 91
To better understand host's response to H7N9 infection, we carried out serum proteomics profiling 92 on 15 confirmed H7N9 human cases at two time points and compared these with 10 healthy controls. 93
These experiments were performed on LC/MS/MS using labelling by iTRAQ method. We also built 94 a local cloud-based analysis workflow for stable isotopic labelled proteomics study to qualify and 95 quantify proteins and conduct comparative analysis. Our study identified key host responses that may 96 be related to the progression of H7N9 disease. 97 Supplementary Table 2; and clinical and  108 immunological features of some patients have been reported [3, 14] . Ten healthy serum controls were 109 collected from our lab colleagues. Approval for the study was obtained from the ethics committee of assumed the viral loads in the upper and lower respiratory tracts were zero and the PF ratio (PaO2/FiO2) 137 values were 450. The mean PF ratio was significantly lower in H7N9 infected cases, and the PF mean 138 value was significantly upregulated after treatment. Table 1 was listed the characteristics of the 25 139 participants enrolled in this study, including the 10 healthy controls. 140
Materials and Methods

Overview of H7N9 Infected and Healthy Control Sera Proteomics Profiling 141
Based on 130,325 qualified and quantified MS/MS spectra (FDR < 0.01) in all samples, 36,708 non-142 redundant peptide hits were identified. Identification rates were approximately 28.17% and a total of 143 647 proteins had been annotated. The detailed information regarding the peptide and protein 144 identification and quantification of six sets generated by X! Tandem and IsobaricAnalyzer are 145 available in Supplementary Table 3 . Data are available via ProteomeXchange with identifier 146
IPX0001849000. 147
Differential Expression Profiles of Comparison H7N9 Infected with Healthy Control 148
We filtered the raw dataset ( Supplementary Table 4 ), and identified 273 features which were only 149 found in H7N9 infected cases ( Supplementary Table 5 ). Those 273 features which were only found 150 in H7N9 infected cases were applied proteins interaction analysis by String. The results showed 222 151 nodes with 798 edges, 7.2 average node degree and 0.426 Avg.Local clustering coefficient with 152 protein-protein interaction (PPI) enrichment with p-value less than 1.0e-16 ( Supplementary Table 6 ). 153 206 of 273 proteins were annotated to cell part (GO:0044464) from GO Component analysis, and 94 154 of 273 proteins were from extracellular region (GO:0005576). We then performed Venn diagram 155 analysis on above two proteins list, and found 85 common proteins that can function on both cellular 156 position of cell part (GO:0044464) and extracellular region (GO:0005576). The most of 94 proteins 157 were annotated to immune related pathways by the Reactome database. The top 3 pathways were 158 immune system (HSA-168256, 43 (45.7%)), innate immune system (HSA-168249, 37 (39.4%)) and 159 neutrophil degranulation (HSA-6798695, 31 (32.98%)). The fourth and fifth pathways were 160 metabolism of proteins (HSA-392499, 26 (27.7%)) and post-translational protein modification (HSA-161 597592, 20 (21.3%)), respectively. However, those 94 proteins could not be confirmed the source, 162 8 may be generated from cell death or normally secreted from stressed cells. The remaining 7 singleton 163 proteins were TNFSF12-TNFSF13, AC073610.3 (Novel Protein), C1RL, FBLN2, OLFML3, SBSN 164 and C4orf54. They may play an important role in avian influenza infection, for instance, protein 165 AC073610.3 acts as GTP binding and obsolete signal transducer activity, the most related GGA2 166 protein associated with avian influenza antibody titers [18] . There were still 51 proteins that were not 167 annotated by the String system. Since our study focused on the extracellular biomarkers, we did not 168 do further analysis on those proteins which were only found with H7N9 infected patients. 169
The dataset would be further filtered according to the proportion of the missing value (cut-off: 90%) 170 and got the final qualified dataset for statistical analysis (Supplementary Table 7 ). We got 168 171 qualified features, and 140 (82.8%) proteins were annotated to the extracellular region (GO:0005576) 172 from GO Component analysis. The qualified dataset was normalized and then applied one-way 173 ANOVA with post-hoc tests, we identified 50 features and 4 clinical characters (LRT, URT, PF and 174 TWC) with statistically significant difference (FDR < 0.05; Supplementary Table 8 ), and HPX 175 (Hemopexin, P02790) was significantly different from each other (FDR = 0.0014, Earlier >> Control, 176
Later >> Control and Earlier >> Later). We performed PPI analysis on those 50 statistically 177 significantly different proteins with all avian influenza A virus proteins, interaction analysis shown 178 50 nodes, 231 edges, 9.24 average node degree and 0.513 Avg.Local clustering coefficient with PPI's 179 enrichment p-value less than 1.0e-16 (Figure 3 ), found that M1 and PB2 tightly linked with host's 180 HSPA8 (P11142, p = 0.0042) which plays a core role in the protein quality control system, ensuring 181 the correct folding of proteins, and downregulated in H7N9 infected cases. Table 10 , 11 and Table  205 2). The total leucocyte (TWC) significantly negatively correlated with APOF (Q13790, r = -0.54), Table 7 ), and termed "1-2-3" as the 225 pattern used to search for interesting features that linearly increase with three groups: (Control-226 Earlier-Later). We identified 112 proteins and 2 clinical characters (URT and PaO2/FiO2 ratio) 227 correlated with healthy control status (r < 0), and the rest proteins and clinical characters linked to 228 H7N9 infectious status (r > 0) ( Supplementary Table 12 the host immune responses, causing lung pathogenesis leading to acute respiratory distress syndrome 256 (ARDS) with lower PaO2/FiO2 ratio, which correlated with disease severity level (Figure 4 ). Due to 257 the limitations of study design, we could not confirm those proteins source, Therefore, they may have 258 been generated from cell death or normally secreted/leaked from stressed cells. 259 260 Figure 4 . Summary of H7N9 infected and healthy control sera proteomics profiling. In total, we 261 identified 647 proteins, and we dropped 206 proteins with more than 50% missing values in order to 262 get more reliable results, and also identified 273 proteins were only found in H7N9 infected cases 263 suggesting that HSP70s inhibitor can be used to treat the emergence of drug-resistant virus [31] . 287 However, our result showed that HSPA8 was significantly downregulated in H7N9 infected cases (r 288 = -0.39, FDR = 0.045), and HSPA8 correlated with APOA1 (P02647, r = 0.35), APOE (P02649, r = 289 0.26) and CLU (P10909, r = 0.11), which were annotated into amyloid-beta binding (GO:0001540, 290 FDR = 0.0043). Pattern analysis results showed that APOA1, APOE and CLU were negatively 291 correlated with H7N9 infection status with r = -0.38, FDR = 0.051; r = -0.46, FDR = 0.017 and r = -292 0.41, FDR = 0.036, respectively. APOE is the major genetic risk factor for Alzheimer's disease 293 14 (AD) [32] , and regulation of beta-Amyloid (bA) metabolism, aggregation and deposition. 294
Upregulation of HSP70/HSP90 has also been shown to slow down Alzheimer disease development 295 related to bA aggregation [33] . bA has been shown to inhibit growth of bacteria and fungi, and the 296 replication of seasonal and pandemic strains of H3N2 and H1N1 influenza A virus in vitro [20] . Our 297 study suggests that HSPA8, through its role in activating the amyloid-beta binding network, may be 298 important in limiting the pathogenesis of H7N9 infection, although this remains to be proven in future 299 study ( Figure 5) . A new compound, SW02, which can specifically upregulated HSP70s has already 300 been identified [34, 35] , which may be an entirely novel way to therapeutic intervention of H7N9 301 infection. beta binding network, then the activated network regulates the beta-amyloid protein which has been 308 reported that suppress the H3N2 and H1N1 virion replication, assembly and maturation. Our study 309 suggests that it may also work for suppression H7N9. 310
In summary, population-based extracellular fluid proteomic profiling was performed on 15 H7N9 311 infected cases compared to 10 healthy controls. We identified features that were distinct only in H7N9 312 patients, and most of those features may be from cell leakage/death. We also identified novel 313 15 candidates that can serve as potential prophylactic and therapeutic host biomarkers. Due to limited 314 new H7N9 cases (as of October 2017 to now, there were only 4 additional cases [35] ), we did not 315 verify the findings in the same sample sets or apply the verification study on the independent sample 316 sets. This has limited our study. 317 318 
